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Abstract 



I copolymer 



Copolymer 1 [Cop 1, poly(Y v E v A,K)] Is a random synthetic amino add 
L-glutamic acid, L-alanlne and L-tyslne, effective both In suppression of experimental 

ncephalomyelHIs and in the treatment of relapsing forms of multiple 
promiscuously and very efficiently to purified human HLA-DR molecules 
groove. In the present study the binding of copolymers composed of three 
found In pory(Y,E,A,K) to purified class II MHC molecules was examined. Pory(Y,A,K) 
poly(Y,E,A 9 K) bound to purified human HLA-DR1 or -DR4 molecules wtth 
pory(Y,E,A), poty(E,A,K) or poly(Y,E,K), whereas poly(Y,EAK) and poryf^A.i 
binders of HLA-DR2 molecules. On the other hand, poty(Y f E,A) and pofyO^AjK) 
binding of blotinytated poly(Y,E,A,K) to these molecules 10-fold more efficiently 
Finally, poly(Y,E,A), pory(Y,A,K) and poly(E,A,K) were cross-reactive with por^(Y > E v A,K) 
specific T cell lines and clones of mouse or human origin. 
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Introduction 

Copolymer 1 [Cop 1, poly(Y,E,A,K)] is a synthetic amino acid 
copolymer effective both in suppression of experimental 
allergic encephalomyelitis (EAE) (1-5) and in the treatment 
of relapsing forms of multiple sclerosis (MS) (6,7). The activity 
of Cop 1 in EAE and MS appears to involve, as the first step, 
binding to class II MHC molecules, following which two 
pathways may be activated: (i) induction of antigen-specific 
suppressor cells (4,8) and (ii) competition with myelin antigens 
for activation of specific effector T cells (9,10). Cop 1 bound 
both to living antigen-presenting cells (APC) of various HLA 
haplotypes and to mouse APC (11), with no proteolysis 
required (12). Moreover, it both competed with and displaced 
the autoantigens myelin basic protein (MBP), proteoliptd 
protein (PLP) and myelin oligodendrocyte glycoprotein (MOG) 
from their binding sites on APC (13.14). More specifically, 
Cop 1 bound to purified human HLA-DR molecules in a 
peptide antigen-specific manner, i.e. within the peptirJe-bind- 
ing groove, and inhibited the binding of HA 306-318, a high- 
affinity peptide epitope of influenza virus, to both HLA-DR1 
(DRB 1*0101) and DR4 (DRB1*0401) molecules, and the 
binding of MBP 85-99 to HLA-DR2 (DRB1*1501) (15). Cop 
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in which E was replaced by D 
3o!y(E.A,K) (2) and a copolymer in which Y 
W [pohyWE ,A,K). Cop 4] ( 16) wer all active 
On the other hand, the acidic copolymer 
inactive. In order to further characterize the 
efficient binding of Cop 1 to class II MHC 
present study four random copolymers 
of the four amino acids of Cop 1 
pojy(Y,E.A), poryfYAK) and pory(Y,E.K)] wer 
bidding to several class II MHC molecules of 
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Ejpsteirv-Ba/r virus-transformed human B 
used for immunoaffinity purification of HLA- 
-DR4 molecules were LG-2 (DRBV0101). 
and Priess <DRB1*0401/DRB4*0101) 
wer grown in RPMI 1640 supplemented 
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D& ^-ffi?^^ POtyCfJEA). POMXE.K) and poly(YAK) to 

5800 rSl^ WfrSTii B^SSS Tw 6 r^lf^ 0 du P |,cate a range of cone, 
a^'c PeDtid^ (m °' 7600) ' POMYAK) (mol. wt 20.000) and f 

3ms of ^ P^te,n complexes were captured with LB3.1 and biotirvpeptidfe 



wrth 10% FCS. 2 mM glutamine, 50 units/ml penicillin G and 
50 fig/ml streptomycin in roller bottles and stored as pellets 
at -80°C. The anti-DR hybridoma LB3.1 (lgG2b) (17) was 
grown rn serum-free medium (Macrophage-SFM* Gibco/BRL 
Grand Island, NY). 

Protein purification 

Immunoaffinity purification of HLA-DR1, -DR2 and -DR4 mole- 
cules was performed as previously reported (18), with minor 
modifications. Bnefl* detergent-soluble membrane prepara- 
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proteins. Deteigent-soiubife d HLA-DR 1 - 
iflons of btotinyiated po!y(Y.E,A,K) (mol. wt 
po*y(YE,K) (moi. wt 11,050) at pH 5.0 for 40 h 
a Ending was measured. (B) Uneweaver-Burk 



and Priess cells were passed at a 
through a series of columns in the 
Sepha/ose CL-6B (30 ml), normal mouse 
(10 ml), Protein A-^Sepharose CL-48 
A-Sepharose CL-4B (5 ml). OR2a 
DRw53 (DRB4*0101), the products f DR 
DRB1 alleles, were not removed from the 
hfsates before passage through the LB3.1 
and contaminate the OR2 and DR4 
amount of 6-10%. All the subsequent 
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Table 1. Affinity of the binding of synthetic copolymers to 
purified human HLA-DR1. -DR2 and -DR4 molecules 



Copolymer 3 


DR1*> 


IC50 d 


DR2 




DR4 




«d c 


Kd 




Kd 


ICso 


PcMy(Y,E,A,K) 


7.4 


6.8 


8.2 


10.1 


1.5 


10.8 


Po*y(Y,A,K) 


2-0 


3.3 


1.7 


2.7 


2.0 


6.5 


PoMEAK) 


0.5 


_e 


1.7 




0.3 


e 


Poly(YE.A) 


10 


1.3 


0.8 


9.5 


0.8 


1.0 


[tbPoMY.E.K) 


0.4 


43.0 


5.0 


25.4 


0.8 


43.0 



a Poly(Y,EAK) with average mol. wt of 5800; pcty(Y,A,K), nx». wt 
20,000; poly(E.A,K), mol. wt 8850; poty(Y,E,A), mol. wt 7600 and 
poly(Y,E ( K), jncrf. wt 11,050 were incubated at a range of 
concentrations with purified HLA-DR1. -DR2 and -DR4 molecules at 
pH 5.0 followed by capture with class ll-specific mAb and peptide 
detection with alkaline phosphatase-streptavidin. 

b Detergent- soluble HLA-DR1. -DR2 and -DR4 molecules were 
purified as described in Methods. 

c The dissociation constant at equilibrium calculated from the slope 
of the double-reciprocal plot (Fig. 1B) and expressed as X10 -8 M. 

inhibitory concentration giving 50% inhibition calculated based 
on fhe competitive binding assays (Fig. 2) and are expressed as 
xt0-*M. 

°ICso values for poly(E.A,K) could not be determined exactly, but 
were <1000 uM (see Fig. 2). 



steps were as previously described (18). The eluate was 
dialyzed against 0.1% deoxycholate, 10 mM Tris-HCI, pH 8 
and concentrated on a Centriprep 30 membrane (Amicon, 
Beverley MA). Protein concentrations were determined by 
bicinchoninic acid assay (Pierce, Rockville, IL). 

Peptides and copolymers 

Cop 1, poly(Y.EAK), is a synthetic random copolymer pre- 
pared by polymerization of the AAcarboxyanhydrides of 
L-tyrosine, Y-benzyl-t glutamate, L-alanine and e.AMrifluo- 
roacetyl-L-lysine, followed by removaJ of the blocking groups 
(1) (the end product is a mixture of acetate salts of random 
polypeptides). PolytE.A.K), pory(Y,E.A), pory(Y.A.K) and 
poly(Y.E,K) were synthesized similarly. Cop 1, pory(Y,EAK). 
batch 55495, in the molar ratio of 1 Y:1.5 E:4.8 A:3.7 K, with 
an average mol. wt of 5800 or batch 52596, 1 Y:1.5 E:4.3 
A:3.3 K, mol. wt 8150; poly(EAK), batch SD-1689, 1.5 E:4.7 
A:3.6 K, mol. wt 8850; poly{Y.E,A), batch SD-1690, 1 Y:1.5 
E;4.8 A, mol. wt 7600; poly(YAK), batch SD-1691, 1 Y:5.3 
A:3.5 K, mol. wt 20,000 and pory(Y.E.K), batch SD-1697, 
1 Y:1.6 E:3.6 K. mol. wt 11,050 were synthesized by 
Drs B. Dolitzky and D. Salner of Teva Pharmaceutical Indus- 
tries (Petach Tikva. Israel). Peptides were synthesized using 
solid-phase techniques (19) on an Applied Biosystems Pep- 
tide Synthesizer and purified by reversed-phase HPLC. The 
peptides used were HA 306-316, PKYVKQNTLKLAT, mol. 
wt 1718 and MBP 84-102, DE N P WH FFKN I VTPRTPP, mol 
wt 2529. 

Peptide labeling 

Biotinylation of the various copolymers was performed with 
excess AAhydroxysuccinimide-biotin (Sigma, St. Lotris, MO) 
in dimethyl sulfoxide as described (11). Lfnreacted biotin was 




r-W»AJQ 



P*0TAJQ 



Fig. 2. Inhibition 
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of poly(Y,EAK) binding to HLA-OR molecules by 
ors. Purified HLA-DR1, -DR2 or -OR4 were Incubated 
poly(Y.EAK) (mol. wt 8150) (1.5 |iM) alone or in 
unlabeled poly(Y,EAK). pory(EAK). pory(Y.E t A). 
rAK), MBP 84-102 or HA 306-318, at a range of 
All incubations were carried out in dupllcat at pH 
^°C. Specific binding is expressed as percentage of 
the formula: percentage ol inhibition = 100% - 
background)/signal without competitor - 

iboj 



of 

porkxA, 

i. All 
27°C 
g the 
competitor 



^iafysis (Spectra/Por membrane MWCO 500; 
Industries, Laguna Hills. CA). 



y tde binding to class II MHC proteins 
solutions used in this assay are the following: 



20 mM 2-[/V-moipholino]ethanesuffonic acid r 
-grycopyranoside, 140 mM NaCI, 0.05% NaN 3 , 
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pH 5.0. unless otherwise spocificd; PBS = 150 mM sodium 
chloride. 7.5 mM sodium phosphate, dibasic. 2.5 mM sodium 
phosphate, monobasic. pH 7.2; TBS = 137 mM sodium 

™ \ll mM TfiS PH 8 0> 21 mM Potassium chloride; 
TTBS = TBS plus 0.05% Tween-20. 

Microliter assay plate preparation. Ninety-six- we II microliter 
immunoassay plates (PRO-BIND; Falcon. Lincoln Park NJ) 
were coated with 1 ng/well affinity-purified LB3.1 mAb in' PBS 
(100 nl total) for 18 h at 4'C. The wells were Ihen blocked 
with TBS/3% BSA for , h at 37X and washed 3 time^S 
TTBS. Before sample addition. 50 jil of TBS/1% BSA was 
added to each well. 

Binding reactions. Detergenl-solubilired HLA-DR 1 -DR2 
and -OR4 molecules (0.5 ng/sample) were incubated with 
biotinylated peptides at various concentrations for 40 h at 
37 C in 50 u.l of the binding buffer, and transferred to prepared 
microtrter assay plates and incubated for 1 h at 37°C for 
capture of peptide-class II complexes. 

Inhibition reactions. Biotinylated copolymers at a final concen- 
tration of 1.5 nM in 50 Ml of the binding buffer were co- 
.ncubated with the unlabeled copolymers as well as the 

f S £ u, 6 f n» 306 ^ 18 01 MBP 84 - 102 - used a * inhibitors, 
and HLA-DR molecules for 40 h at 37°C. 

Detection of class ll-peptide complexes. Bound peptide- 
biotm was detected using streptavidin-conjugated alkaline 
phosphatase as follows. Plates were washed 3 times with 
TTBS and incubated with 100 ul of streptavidin-conjugated 
alkaline phosphatase (1 :3000; BioRad. Richmond. CA) for 1 h 
at 37 C followed by addition of *>nilrophenyl phosphate in 
tnethanolamine buffer (BioRad). The absorbance at 410 nm 
was monitored by a microplato reader (Dynatech MR4000). 
T cell lines and clones 

Cop 1-specific T cell lines and clones were: LN-1 . LN-3 clones 
(denved from lymph nodes of (SJL/J x B ALB/c)F, mice injected 
Too I? com P' ete Pound's adjuvant); S-3 line and 

S,h r^,T ( ple f ns °' (SJUJxBALB/c ) F i mice injected 
with Cop 1 ,n incomplete Freund* adjuvant), according to 
Aharon, et al. (8.20). and C-14 and C-52 clones (derived f?om 
a DR7.w1 1 donor with MS), according to Teitelbaum eta/. (10). 
Proliferation assay 

-Ol? 5 ??^ °' ,he various Po'vmers with Cop 1 was 
evaluated by their ability to stimulate Cop 1-spocific T cell 
lines and clones of mouse and human origin. T cells (1 5x 10*) 

rxi^lS? P, ' C f S With irradiated "*»*«> s P ,ee " cells 
i^lZl wrtn human Epstein-Barr virus-transformed B cells 
(5xio*) and with ttie indicated antigens in a final volume of 
0.2 ml in 10% FCS culture medium. At the end of 48 h 
incubation, cultures were pulsed wfth 1 „Ci pHlthymidine^ 
and ha.ves.ed e_ 12 h la , er The vartatfon / of J^JJ 

their mean were <20%. 
IL~4 secretion 

Secretion of IL^I by T cell lines and ctones in response to the 
various potymers was valuat d by the ability of ^cut^ 
supernatant to suppop the proliferation of the IL^I-dependent 




Rg. 3. See legend on next page. 



line CT4-S. T cells ( 1 [5 x 10*) were incubated with the indicated 
antigen presented oh irradiated spleen cells (SX10 5 ) Suoer- 

HS^mWeT! ■ : °" ected at ,ne end of 48 h and incubated 
wrth me CT4-S .nduator cells (lxio*/well) at a 1:1 dilution 

°uCi ^SS&t^S ° f ° L m ' ,OT 48 " then labeled with 
1 Mpi-( 3 H]thymidine or 16 h. The variations of tripficates from 
their mean were <20%. For each copolymer the results 
obtained corresponc to the cone ntration which gave maximal 
cross-reactfve response, i.e. poly(Y.E.A.K). pokrfEAlO 



BNSDOCID: <XP 893153A_I_> 



B 



Amino acid 

c 




opotymers bound to HLA-DR molecules 




n*3. Inh.btt.on of binding of poly(Y,A,K) (A). poly(Y,E,A) (B) and poME.A.K) (C) Id HLA-OR mi 
or -Oftt were incubated w.th biotinyfated pory(Y.A,K). pory(Y.E,A) o7 pol*E AK) (1.5^ ^7ato£ 
1 al a range of concentrations. Alt incubations were carried out in dupBcate at ST 



molecules t 



by superantigens. Purified HLA-DR 1, -O 
or *n the presence of unlabeled SEA, SEB or TS! 
< it 37°C. For methods see legend for Fig. 2. 



Results 

Binding of the copolymers of three amino acids to purified 
HLA-DR molecules 

Detergent-soluble HLA-DR 1 , -DR2 and -DR4 proteins were 
purified from homozygous Epstein-Barr vkus-transformed B 
cell lines LG-2 (DRB1*0101). MGAR (DRBri501) and Priess 
{ DRB 1 '0401 ) respectively as described previously (15). Three 
different preparations of Cop 1 had bound to these molecules 



with high affinity 
mers 
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uies at pH 5.0 fo 
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The binding of 



> of three amj no acids 



with I 



(15). To determine the affinity of the oopol 
o acids for HLA-DR proteins, binding assa 
with biotinylated polyfE.A.K), poly(Y f Ey 
pofy(Y i E.K). and compared to poJy(Y,E,AJ 
c^pofymers were incubated at a range 
purified HLA-DR 1 , -DR2 and -DR4 mole 
lowed by capture with class ll-specific mA 
dete ction with alkaJrne phosphatase-streptavidii 
poly(Y,A,K) and Cop 1 to detergent-solub 
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HLA-DR 1 and -DR4 molecules was better than that of 
pofy(EAK), poly(Y.E.A) or po!y(Y,E,K), whereas poly(Y.E.K) 
and Cop 1 bound better than the other copolymers to HLA- 
DR2. based on the saturation binding curves (Fig. 1A), and 
on K d values, calculated from the double-reciprocal plots of 
the binding data (Fig. 1B and Tabfe 1). Pory (Y, A. K) bound 
to HLA-DR4 particularly efficiently it is also obvious from 
these data that the different copolymers bound to the purified 
HLA-DR proteins to different extents [Fig. 1 A (plateau values) 
and B (y intercepts)]. Presumably, they are able to displace 
bound peptides to different extents. To further characterize 
the binding affinity of these copolymers, competitive binding 
assays were carried out with biotinylated Cop 1 and unlabeled 
inhibitors [Cop 1, poly(YAK), poly(Y,E,A), poly(EAK) 
poly(Y.E,K) ( MBP 84-102 and HA 30€K318 peptide] <Fig.'2).' 
The binding of biotinylated Cop 1 to detergent-soluble HLA- 
DR 1 and -DR4 molecules was efficiently inhibited by unlabeled 
poly(Y.E.A), poly(YAK), HA 306X31A peptide and Cop 1, but 
>10-fold less by pory(Y,E,K) and poorly by poly(E,A K) as 
expressed by the 50% inhibitory dose (iCso) (Fig. 2 and Table 
1). A similar inhibition pattern was obtained for HLA-DR2 
(Table 1). These results show that the copolymers of three 
amino acids, in particular poly(Y.A.K) and pofy(Y,E,A). bind 
to class II MHC molecules with an affinity range similar to that 
of antigenic peptides and of Cop 1 for which they are effective 
competitors. Notably, MBP 84-102 was a very poor inhibitor 
of the binding of Cop 1 to HU\-DR2. 

Effect of superantigens on the binding of copolymers to HLA- 
DR molecules 

Bacterial superantigens staphylococcal enterotoxin (SE) A. 
SEB and TSST-1 inhibited Cop 1 binding to purified HLA-DR 
molecules only at very high concentrations (15). To examine 
the effect of these superantigens on the binding of copolymers 
of three amino acids to purified HLA-DR1. -DR2 and -DR4 
molecules, competitive binding assays were carried out with 
unlabeled SEA. SEB and TSST-1. Poly(YAK) binding to HU\- 
DR1 , -DR2 and -DR4 was onjy inhibited by the superantigens 
at very hrgh motar ratios of superantigen:poly(Y.A.K) (50 1) 
(Fig. 3A), whereas the binding of poly(Y.E.A) an d poly(E A K) 
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Table 2. Cross-reactivity of copolymers using T cell lines and clones specific for Cop 



Copolymer Cross-reactivity with poly(Y.E,A.K) (Cop 1) (%)» 




Murine T-cell lines and clones 6 


Human T-cell clones 


LN - 3 S-3 LN-1 s-22 


5 C-14 prol C-52 pro). 


ProF in p, oi p(o| ^ pfD| 


11-4 


Poly(EAK) 130 139 49 11 r> « 
Poly(Y.E.A) 3 6 102 107 0 J 2 
PolWYAK) 3 7 I 3 J? ' . ° 
Poly(YE.K) 2 « ,| I « 120 , 0 


0 4 75 
0 1 58 
0 0 5 
0 0 5 
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lower affinity, was inhibited more signrfio- 
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of Cop 1-derived copolymers with Cop 7 

poly(YAK) ( poly(Y,E,A), pory(E.A.K) or 
►-react with Cop 1 at the revel of T cell recogni- 
:r - mouse and human T cell lines were tested 
IL-4 secretion in response to these copofy- 
wit lines listed were quite heterogeneous In 
However, individual mouse and human T cells 
pory<EAK) and pory(Y,E,A). whereas 
reactive with only one of the four mouse lines 
of the two human lines (Table 2). Poiy(Y,E.K), 
did not exhibit cross-reactivity with any of 
J: ~ lines (Table 2). 



efficient binding of Cop 1 to intact APC of 
human origin (11), as well as to purified 
molecules (15), has previously been shown, 
whether all four amino acids that comprise 
) are necessary for its binding was addressed 
random synthetic copolymers compos d of 
amino acids that comprise Cop 1 , with the 
remaining amino acids as in Cop 1. Here, 
rfymers poJy(Y,E,A). pory(Y,A.K). poly(E,A.K) 
were observed to bind to purified HLA-DR 
inous intensities. The binding data suggest 
ftrell as A are important for binding f Cop 1 
haptotypes tested. Of special importance is 
<£op 1 demonstrated high binding activity to 
'-4C protein that is expressed by >60% of 
population. The same three amino acid 
bound to living APC of both murin and 
data). 

of the Cop 1 -related copolymers with 
of the T cell response is important since 
cells were shown to be essential tor Cop 1 
in both EAE (6,20,21) and MS (22). Three 



(urjpubfished 
reactivity 
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response to the tested copolymer - c.p.m. with no 

f (SJUJxBALB/cJfI, mice injected with Cop 1 in comptet Freund* 
1 in mcompJ te Freund's adjuvant. 
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copolymers poly(Y.A.K), poiy(E,A,K) and poly(Y.E.A) exhibit d 
cross-reactive patterns with Cop 1 -specific lines and clones 
of both mouse and human origin. The murine T cell lines were 
recently characterized as T h 2 cells that cross-react with the 
autoantigen MBP at the level of T n 2 cytokine secretion and 
are capable of suppressing EAE in vivo (20). Since Cop 1- 
specific T cells were derived from peripheral blood lympho- 
cytes of a MS patient, their ability to recognize the Cop 1- 
related copolymers could also be of therapeutic relevance 
Of interest is the finding that poiyfY.E.K) which exhibited high 
binding capacity to the various MHC haplotypes did not 
cross-react with, any of the Txell lines and clones suggesting 
that A rs essential for T celt recognition of Cop 1. Binding to 
class fl MHC alone may not be sufficient for Cop 1 activity 
in vivo. Additional steps involving the induction of cross- 
reactive T-cell tolerance or TCR antagonism may also play a 
role (21). p y 

Thus, based on their binding capacity, these copolymers 
could be arranged in the following order: (i) binding to HLA- 

2^ : r l EAK > YAK > YEK > YEA >> ^ <") ""ding to 
HLA-DR2: YEAK > YEK > YAK > EAK > YEA; (Hi) binding 
to HLA-DR4: YAK > YEAK » YEA > YEK > EAK. 
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Abbreviations 



APC 

Cop 1 

EAE 

HA 

MBP 

MOG 

MS 

PLP 

SE 



antigen-presenting cell 

polyCY.EAK) (copolymer 1) 

experimental autoimmune encephalomyelitis 

influenza virus hemagglutinin 

myelin basic protein 

myelin oligodendrocyte glycoprotein 

multiple sclerosis 

proteolipid protein 

staphylococcal enterotoxin 
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